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n—l {li n be the order of the equation in x), is not really more general 

Y 
than the transformation wherein y is put equal to any rational fmiction ^~ 

whatever of x ; such rational function may, in fact, by means of the given 
equation in Xy be reduced to a rational and integral function of the order 
n—l ; hence in the present case, taking V, W to be respectively of the 
order n—l, =3, it follows that the equation in y obtained by the elimina- 
tion of X from the equations 

(a,/3,7,^X^-, If 

^~(a', /3>/, a'X^^i/ 

is a mere linear transformation of the equation AU4-BH=:0, where A, B 
are functions (not as yet calculated) of («, h, c, d, e, a, |S, y, ^, a', /3', 7', 6")*. 

11. ^' A Supplementary Memoir on the Theory of Matrices.'^ By 
Arthur Cayley, E.R.S. Received October 24, 1865. 

(Abstract.) 

M. Hermite, in a paper *'Sur la theorie de la transformation des 
fonctions Abeliennes," Comptes Kendus, t. xL (1855), establishes inci- 
dentally the properties of the matrix for the automorphic linear trans- 
formation of the bipartite quadric function xio -\-yz —zy' — lox , or trans- 
formation of this function into one of the like form, XW+YZ'— ZY' — 
WX'. These properties are (as will be shown) deducible from a general 
formula in my '* Memoir on the Automorphic Linear Transformation of a 
Bipartite Quadric Function," Phil. Trans, t. cxlviii. (1858), pp. 39-46 ; but 
the particular case in question is an extremely interesting one, the theory 
whereof is worthy of an independent investigation. For convenience the 
number of variables is taken to be/oi<r ; but it will be at once seen that as 
well the demonstrations as the results are in fact applicable to any even 
number whatever of variables. 



III. '^ On the Existence of Glycogen in the Tissues of certain Entozoa.^' 
By Michael Foster^ M.B. Communicated by Professor 
Huxley. Received November 4^ 1865. 

Although glycogen has been found by various observers in the tissues 
of many of the Invertebrata, no one, as far as I know, has noticed the 
very remarkable amount which may be obtained from some of the Entozoa. 
I first came across this fact while working upon a tape-worm ; unfortu- 
nately I neglected to determine the quantity of glycogen I obtained, and 
have not since had an opportunity of repeating the observation. The fol- 
lowing remarks apply only to the round worm (Ascaris lumhricoides ?) 
which dwells in the intestines of the common pig. 
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By mincing and boiling in water, witli a drop of dilute acetic acid, one 
of these animals, a decoction is obtained wMch remains milky-looking 
and opalescent after several filtrations, and therefore at once suggests the 
idea of glycogen. This milky fluid strikes a deep port-wine red with 
iodine, the colour disappearing on the application of heat, and reappearing 
on cooling, and gives no reduction when boiled with the alkaline copper- 
solution. When treated with saliva at 35° C. the opalescence disappears, 
leaving a fluid either perfectly clear or exhibiting only a few flakes or a 
slight cloudy deposit (of som.e albuminoid material), but containing much 
sugar, as may be shown both by the copper and fermentation test. 

If the original milky fluid be thrown into spirit, an abundant white 
flaky precipitate is thrown down, consisting partly of some albuminoid 
substance, but chiefly of a substance giving all the above reactions of 
glycogen. If the fluid be thrown into glacial acetic acid, a white flaky 
precipitate is thrown down consisting of nearly pure glycogen. The pre- 
sence of glycogen may also be shown by employing the alcoholic solution 
of potash. From these facts we may infer that glycogen, and not dextrine 
merely, does exist in the bodies of these animals. 

In no case have I found this glycogen to be accompanied by anything more 
than a mere doubtful trace of sugar — that is to say, a trace of some substance 
giving a doubtful reduction of ihe copper-solution, and that by no means 
always. Hence, seeing how diflicult it is to obtain glycogen in so pure a 
state that its quantity may be estimated directly by weighing, I have con- 
tented myself with determining the amount present in these animals by 
exposing a decoction to the influence of saliva until all traces of glycop-en 
wTre lost, and then estimating by the copper process the amount of sugar 
produced. In this way I obtained from two ascarides weighing together, 
when taken fresh from the pig and merely wiped, 10'2 grms., and from 
three weighing together 10 grms., just 2*2 per cent, of sugar (on the wet 
weight) in each case. Y/hen this amount is compared with that produced 
by the mammahan liver alone, it will be seen that it really is, compara- 
tively speaking, excessive. For the sake of comparing the Ascaris with 
other invertebrata, I m.ay say that in a caterpillar weighing about 6 grms. 
I obtained a hardly appreciable quantity of glycogen, which was contained 
partly in the muscular parietes, and partly in the so-called "epiploon" or 
'' hepatic parenchyma.'' The quantity of glycogen that I obtained from 
a handful of common maggots was also hardly appreciable. 

In the xiscaris little or no glycogen is to be found in the intestine, a 
small quantity in the generative apparatus, and a very considerable quantity 
in the spongy visceral tissue ; hj far the largest amount exists in the firmer 
muscular parietes. I failed to detect with iodine any distinct histological 
localization. 

It seems singular that an animal, living in the midst of a fluid one of 
whose chief functions is to change starch into sugar, should thus be found 
amassing glycogen within its own body. I have satisfied myself, however. 
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that there is no sugar-forming ferment present in the tissues of the Ascaris* 
Portions of the tissues may be kept exposed to a temperature of 35^ C. for 
many hours without any appreciable loss of glycogen or advent of sugar. 
The whole animal, too, may be kept for days without any change of its 
glycogen being observed. I also failed to extract from the tissues any 
ferment capable of acting upon starch. The intestine alone seemed to 
have any power of ih.Q kind, and that but in the very feeblest degree. This 
failure in the production of sugar is not due to the presence of any sub- 
stance antas^onistic to the action of a sugar-forming ferment ; for the addi- 
tion of a small quantity of saliva to even the unboiled tissues very speedily 
brings about the conversion of the glycogen into sugar. We may infer 
therefore that, if the animal swallows the intestinal juices in which it lives, 
the sugar-forming ferment contained therein either does not pass through 
its intestinal wall into the visceral cavity, or, if it does pass, is at once de- 
stroyed. It is evident that the formation of glycogen in the Ascaris takes 
place under conditions very different from those under which glycogen is 
deposited in the mammalian liver, since in the latter case there is present 
a powerful sugar-forming ferment belonging, as we have reason to believe, 
to the liver- substance itself, and not merely to the blood passing through 
the organ. 

The possible use of this glycogen is a matter of interest. Intestinal 
worms, inasmuch as they are animals and live, must needs consume oxygen. 
The amount of that gas they find in the intestinal juices, however, is very 
small ; and, having a constant temperature secured to them by warmth 
external to themselves, they are the very last of creatures to need what 
has been called '^ respiratory or calorifacient material." "Whatever be the 
use of sugar, starch, or glycogen in the mammalian bod}?-, no "respiratory" 
use can be safely suggested for the large amount of glycogen occurring in 
the Ascaris. Its abundance in the muscular parietes might suggest that 
it was material on its way to become muscle. If so, since the animals I 
studied were adults and ova-producing, the analogy of their glycogen would 
be, not with the glycogen of the muscles of the early mammalian embryo, 
but with the glycogen (or dextrine) occurring in smaller quantities in the 
full-grown muscles (unless one were to push an idea, and say that the 
tissues of the lower animals were chemically homologous with the em- 
bryonic tissues of the higher ones). 

It might be thought to be immature chitin ; but why should it exist in 
such quantities? and why is there so little in the caterpillar and the 
maggot ? In the Taenia the glycogen could hardly be thought to have a 
muscular future. There it might be considered to be stored up for the 
development of the ova. This idea is at first sight contradicted, as far as 
the Ascaris is concerned, by the fact that very little glycogen can be ob- 
tained from the generative apparatus of that animal. But is it not pos- 
sible that, though stored up elsewhere, it may really be intended for the 
ova and embryos after all? The analogy between the Ascaris, with its 
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glycogen, and a plant with its blanched starch-storing tissues, is striking 
in many ways. May not " migration," which plays so important a part in 
vegetable physiology, occur in the animal economy in reference to other 
substances besides fat ? 

IV, ^' On the Development of certain Infusoria.^^ By J. Samuel- 
son, Esq. Communicated by Wili^iam Cbookes, Esq. Re- 
ceived November 8^ 1865. 

(Abstract.) 

The chief object of this paper is to account in some degree for the suc- 
cessive appearance, in organic infusions, of what seem to be distinct 
species of Protozoa rising in the developmental scale ; but the author com- 
mences wdth some general remarks on the origin of these animalcules, nnd 
states, among other conclusions at which he has arrived, his disbelief in 
spontaneous generation as it is understood by Pouchet and his disciples. 

Proceeding to the immediate purpose of the paper, the author first refers 
to the well-known fact, that when an infusion of decaying organic matter 
is exposed to the air, the types of Protozoa which first appear in it are 
the so-called Monads, and occasionally the particles of organized protoplasm 
known as AmcebcB, but that these in a few days in great part disappear, and 
are succeeded by ciliated infusoria, such as Kolpodaf Cyclidmm^ Glaucomay 
and sometimes Vorticella — oftentimes followed in their turn by other 
types, as Oxytriclium^ Eiiplotes, Kerona^ &c. This phenomenon, he re- 
marks, has been accounted for in different ways ; but his own observations 
and experiments justify, in his opinion, the conclusion that the monadine 
form which first appears is the earlier or larval stage of at least one, if 
not more of the ciliated infusoria, into which it becomes metamorphosed 
in the progress of development. In the first place, he states that he and 
Dr. Balbiani have observed the regular occurrence of monads belonging 
to the species of Cercomonas fasiformis or acuminata of Dujardin, in pure 
distilled w^ater which has been exposed some time to the atmosphere. 
These, or their zoospores, would seem to be wafted by the air along with 
particles of dust to which they cling. They readily appear when dust is 
sifted into distilled water, and in this way have been obtained from 
different localities at home, and, along with other forms, in dust shaken 
from rags imported from various distant parts of th^ world. An experiment is 
then related, conducted by the author during the hot weather of last summer, 
in which a comparison was made between the animalcules which made their 
appearance in a vessel of pure distilled water exposed to the air, and those 
successively appearing in distilled water to which extract of lettuce had 
been added. In both liquids Cereomonades speedily showed themselves; but 
whilst they remained unchanged in form in the pure water till near the 
end of the experiment (a period of about three weeks), they entirely dis- 
appeared from the lettuce-infusion in six or seven days, and were sue- 



